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(57)Abstract: 

PROBLEM TO BE SOLVED: To further improve the conversion efficiency of a tandem 
type thin film photoelectric converter. 

SOLUTION: The tandem type thin film photo-electric converter includes, on a 
transparent insulated substrate (1), a transparent electrode (2), a plurality of 
photoelectric converting units (11, 12), and a rear surface electrode (13) which are 
sequentially deposited. An intermediate layer (3), which partially reflects and transmits 
the light, is inserted to at least one boundary between a plurality of photoelectric 
converting units (11, 12). The intermediate layer (3) has the average thickness in the 
range of 10 to 90 nm and the upper surface thereof includes the uneven surface having 
the average uneven pitch within the range of 10 to 50 nm. 
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0 mW/ c m2(^)t»-efia,|^ {^Xihtl^^^^M'^ Ufc i 
Voc;6Sl. 36V, Jsc;4Sl2. 2mA/c 
m2, F. F. ;6S7 3. 6%, ^ L.T^^^*;65 1 2 . 
2%T'foofCo 

[0 0 6 2] (Jtg5f!i 1 ) Jte?0ij 1 tcfcv^Tfi. ^mn 
[00 6 3] *jt«^i?!i 1 {c*5v ^T^*?5^^fc/^'1' y y K 

5y?»J8?tmiCm^S (S^ffiSilcmZ) irAMl. 5 
ro^Sr 10 0 mW/ c m2w3fel:-Cfi8lt bTm;t)#ttSr 
PJS L-fct:i5. Voc;i5i. 35V. Jsc;6Ul. 
3mA/cm2. F. F. 7 3 . 1%. LT^gl^ 
1 1 . 2%-efcofci„ 

[0 0 6 41 (itmm 2 ) ibgf^ij 2 (ctJv^Ttt. tr^is 

3(D*iarofci6cox/<:s/^fe^c:^oV^TS^S^aftii5 1 5 0 
"CT?tt!^£<Tl 9 0°C(C$ti,fc^t Sr^V^T. 2 



* [0 0 6 51 :$iitm&l2\Z.ioi,f^:^y<'y^^tm 
iSl. 5 Mm(D]E:*Ji^ffiJgroAFMjB!l^»Cj:Htf, 0. 

-y^{±l 0 nm<t t) „ ?iet3, 1 9 O'C 

it*(±. 2 nm/s e c-efoofco 

0 [0 0 6 6] *i:b|!50ij 2 -C# ^ixfc v- y = ^^SRSI^^tm 
^«lgB (S*BDi«lcm2) tCAMl. 5(DJt?SrlO 

0 mW/ c m^CO%mX'WM LTtil:^!t#tt^iiJ^ bfc t 

Voc;65i. 32 V, ] s cH^l \. 7 mA/ c 
in2, F. F. ;!iS71. 8%, ^ X.X'&^^mf)^ \ I . 

[0 0 6 7] * 1 tt±KEO|l*0iJ 1 ~ 3 t6i.Xl)AMm 1 

s^fi^sr^b, ^2tt^tue>w^m'^ms»i-*j(t^m 

1 t^s^Kv^y r-v^tm'^m^-y ^ 

1 2(^^tu^*H<^ta;^)tt»{tfe'b, im.mi-^'&^t u-c 

ftt&^t $ tufciit-C'* $ tux V ^ 5 o 
[0 0 6 81 
[«ll 
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poly- 

(fini) 


paly- 






nocvD 


30 




15 


2300 


9m.m 






30 




15 


2300 






fiOCVD 


30 




15 


2700 


mim 




MOCVD 
150^ 


50 




12 


2500 


m^m 




en o 


50 




12 


2500 






MOCVD 
150^C 


50 




12 


2500 






IIOCVD 
150°C 


50 




12 


2500 


vdm\ 










15 


2300 


vcMm 




19D"C 


30 




15 


2300 




I *« 


IQDt: 


50 




12 


2500 



[0 0 6 91 



[«2l 



m 2003-347572 (P2003-347572A) 



(9) 



IS 



16 





Voc 


JSC 

(mA/cn^) 


F. F. 


Eff- 












1.36 


11.9 


74.0 


12.0 ! 1.08 


1.04 


1.05 




1.34 


It, 8 


73.5 


11.6 1 1.06 


l.OO 


1.02 




1.36 


12.2 


73.6 


12.2 1 1.D9 


1.08 


1.07 




1.35 


12.5 


73.0 


12.3 










1.35 


12.6 


73.9 


12.6 










1.35 


12.6 


73.5 


12. 5 r^^^^^^ 








1.35 


12.7 


73.2 


12.6 










1.35 


11.3 


73.1 


11.2 


1.00 


l.OO 


l.OO 




1.32 


11.7 


71.8 


11.1 


1.05 


0. 97 


1.00 




1.34 


12.2 


70.5 


11,5 









[0 0 7 0] ^2(oi^m^h^t^^xo\^. mMmi- 
m^m (J s c) t^m^^ (e f f . ) jistticisii 

[0 0 7 1] Jt^M2^CtJ^^T(i, frH^^3<D#fiL)^i 
F. F. Sr^Lfct%;tfen5, 

[0 0 7 2] *^fe0iJl~3^;lib•l^T(i. Jti5{!i<j 2 1 m c 
aj¥(0^iW^3/53#A$ixfc};it>A^d-t?b-f. mti^'!i 

(D±x(D^<y/—?r^i^±L. mmti.x^m^mhf^ 

±LTV>S„ #l;:Jt|J«fil2lctt:-<TllJ£fi^i~3<DVo 
ctF. F. ;55fp]±Lfc<DH, ■tTs'^S 3 Ji^fig^lCTifiS 

fc, 1 ~ 3 ^c4a^^T(l. f r^^S 3 g#tc#^cD 

\^x'<D%mcih^?^^i'^mmzmm\^xto'o . 

2cD»V>2i.^SS 1 2 1 {Cj;oT^^(cS*3ix5(D-e, 
[0 0 7 31 ^Jg^fiji i 2©^^-f^^{c*^^,^Tt^FB^S3 

esjli2T'!lJ s c:^-^±l,zm:^^~-y hiZX-oX^^ 

■ox\>^^:ii:izm^x. mMm3X'iim:ff=^~-y h(om 

tiizx^. mm.m 3 co/n-c y y -y h'mmmytm^w&m 



10 0 7 4] (mMm4) mmm4f,zto\,^xh. mi 

MOCVDfe(Cj;5l'PB^g3©ff$;iS5 
20 On inlC ^bbK v- y => yhl2t> 

1 2 nm(DpmW^aB'>l) ^:^mi 2 1 (mi'P<D 
p o 1 y-pmmm (nm) ) . 2. 5 /xm» iS 
^^Mi/ y 3 :^3tm^m^ 122 (^ItfXJJpoly- 
i«^J¥ (nm) ) . iJitJ^Ji:^ 1 5 nm(OnM«Ma 
-> y 3 1 2 3 ^-g-;^, $ ^tC«ffimiSl 3 t LTA 
I K-:7'$ttfcJ*$ 9 0 nmWg?-(bffi#SSi:l¥$ 2 4 0 

[0 0 7 5] ~ (Ommm 4 -r'# bHfc^^^ y y •;/ KS» 
30 (S^ffiaicm2) (CAMl. 5C0^ 

?r 1 O 0 mW/ c m2(03ta:t?Mlt LT 2 5'CT?m;^ii# 
^^m^l^tctZ^^ Voct^l. 35V. JscdU 
2. 5mA/cm2, F. F. ;ei5 7 3 . 0%. ^ LX^ 

12. 3 % T- o fco 
[00 7 6] (.It^m 3 ) JtgJtflJ 3 \ZtS\, NT f4, "tTB^S 

3i)^l 9 ox:(Dm^m.mx':^/<-y^m\zxm^^ititcz 
t^m^x. mmm4 tmrnz^^^^D y vmnm^m 

[00 7 7] r (Diti^m 3 Xnhtltzy^4 ZT]} y KS^ 
40 ^5t«^lfeg« (S^tffia 1 c m2) (CAM 1 . 5(D% 
^10 0 mW/ c m^(DitmX'mtti LX 2 S'CXtht)^ 
*5:illSLfci::i^. Vo 34 V. Jsc^JU 

2. 2mA/cm2, F. F. i^70. 5%. -?r LTgf 

[0 0 7 8] ^jffi^i 4 (^^^-r y y KSi$,R7ie;'a^^3g 
S(±. itmm3izit-<xm^^thti^':±%:mi.x\,^^ m 

li:*2#,^,) „ CWft^H^ (F. F. ) ©5S:»(±, 

q^H^ 3 W^M*-&lCigH-r^TiacO#f b^bKv- y = 

h 1 1 \z^-r^y}^-iy(on.^<r>m^,\zm. 

so #i-5i:%;tbn5o X'O^^mz'.t.. ltgEesj3T-!4, 
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[0 0 7 91 (^Ka0ij5) ^JSM5tcJ:5/^^'^y K 

1 0 0 8 0 1 r (omMm 5 Tif ^^^fc/^-r :/ y -y KM» 

mjtwmm. (s^ffia 1 c m2) ^am 1.5©^ 

1 0 OmW/c m2<0)t»-C'M*tUT 2 5'CT'W;'3# 
ttSrSiJi^Lfciiir^, Vo oiSl. 35V. J s c *s 1 20 
2. emA/cmS, F. F. ;6S 7 3 . 9%. -t LT^ 
m^i)*^^ 12. 6 % T o fco 

1 0 0 8 1 1 HiiB^iJ 5 ro/>-r :^ y y Kl«s^)»)t«^«l3g 

nam^S^v^y ^^-ai 1 30±ffii:1=^^^3 tCDg^^ 30 
[0 0 8 2] (^;te0ij6) ^JSM6(Cj;5/>'l':/y K 

2 ^ ji^^-r 5 CO 7° 7 x-T c V D ^ » sffi 

[0 0 8 3] r ©||JS0>J 6 -e#f)i^f::/^^' 7' y 3/ 

M^m'^m^a (S:*ffiffilcm2) tAMl. 5tO)t « 

1 0 0 mW/ c rv,^(n>%m.-^mM UT 2 5°CT'm;^i|# 
■t4S:»J;^L/ci:r:^. Vo c;45i. 3 5V, I & ct^X 
2. 6mA/cm2, F. F. 7 3 . 5%, ^ UT^ 

^'^ii^;4s 12. 5 %-efco fco 

[0 0 8 4] ^:te<5ij6lc:*5V^TH^'PB^® 3ST'*i«^^X 

iWJi 3 oym^mz.m.'^iiA^'i^^w.'y y => vjtm^m^^ 



= 5/ M 2 i: ^ff$fife-r?)/cJ5<DM;^e57°7X-eCVDag 
Jit3*>> ■?:^^-ei^<^:7°7X-vCVD^StcJ:5^^^-e^^ 

[0 0 8 5] (^mM7) |IJfe«7iCjb'I.^T(±. MOC 

[00 8 6] r w^ife^ij 7 Tit b y 5/ 

(S*ffi«lcm2) tCAMl. 5 CD* 
^10 OmW/cm2(D**-CfiS#tL-r 2 5'CT-m;^# 
•ttSrffllJ^UfctCl^S, Vo c/i5l. 3 5V, JsciU 
2. 7mA/cm2, F. F. ii^lZ. 2%, UT^ 

12. 6 % X' fc fc 
[00 8 7] ^mt?'!) 7 C0.'^'1' ^ y i/ KMiEffi^m^m^ 

«©J s c*s|liSfiWl4 ttt;S!5LX;'ctv^<0{i (S2# 
flS) . ^Jfe15ij7Xttv^:;K^i/:^/xSsJp(ci;?, K-f^-^/ 
^-rs r i: < i+'rB^S 3 SrJfM Lfc(OX\ ^cd^'M® 3 

EgbXV^5i:%x.fetb5o 
[0 0 8 8] *JS«SJ4 tit^L.X«f!)7tC*J(/^ 

X(±F. F. ifi^}:.\^X^^^Z.ht^h («2#^.) , * 
Kife0iJ7»C*5»t5S«(-^ligg:J>m^ (SOnm) 

hMt-^^C2) Ni/^/V-^-^ (nS/p®) 
[0 0 8 9] 

mm<D^m u±<oxoi,^. ^^^mi^xtinf. «ico 

14xMitU#5o 
(ElfficOfffi^/ilftBJ] 

[mi] ;*:|6W<?5ll:ffifl^li(0-«^t LXO^^-^AiS 

[El 2] 3(O«ffii3fliaji^:t*tCD-0i| 

^7ii-tm'f-mt)m.um (AFM)-^iixfc5<, 
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1041 mmm\\^:iinhMocvT)mtm\:^^¥fx- 

[HIS] m^f\2\zi6\1::b:^^<-y^ l^'^'ikhmc^ 
[me] IIJSi?!l2ic:tD(-t5^.'-?s/i5' y ^-^'Sil^C* 



[mi] 
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AB 












/ V 
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a a.4 OA OA 1 Aa 4/>wn 



lias] 



(11) 

So 

1 2 1 1 ^-cD^tm^ 

^=i--yh. 1 1 1— jftaSS. 1 1 2 X-S^agft:© 

1 1 3 igaemSS. 3 4"W>1, 1 2 
^-0)t«^m^-s/ 121 122 

M^^mw-<n%mMmM. 123 ise^msM. 1 a 
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m)^m^ III* F^-A(#%) 4K030 AAO? ami AA20 bah BA30 

:fel»m#FrtTMEII^^-& 1 Tg 2 W1406 BA42 BA45 BA47 CA06 CA12 

FA02 FAIO LA04 LA16 
5F051 AA03 AA04 AA05 BA14 CA02 
CA03 CA04 CA15 CB04 CBll 
CB12 CB15 CB27 CB30 DA04 
DA18 DA20 FA03 FA06 GA03 
GA14 HA07 KA09 



